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(54) Abstract Title 

Torque transmitting devices 

(57) In a ball constant-velocity jomt of the fixed or plunging type the ball tracks are of hybrid form in a 
transverse plane having a root portion 54-55 of a lower numencal conformity (defined as the radfus of the 
track cross-section in the transverse plane to the radius of the ball) and flank portions 54-56 and 55-57 of a 
higher numerical conformity. Such ball tracks could also be used in other torque-transmitting devices using 
balls and tracks to transmit torque. 
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Title: TORQUE-TRANSMITTING DEVICES 

This invention relates broadly to torque-transmitting devices of the kind which comprises: 

a first member having a rotational axis and a plurality of tracks; a second member disposed in 

cooperative relationship with the first member and having a rotational axis, the second member 

being provided with a plurality of tracks which face the tracks in the first member in opposed 

pairs; and a pluralit>' of balls disposed one in each pair of facing tracks in the first and second 

members for torque transmission between the members such that on rotation of one of the 

members torque is transmitted to the other member via the balls. 

Such a torque-transmitting device will hereinafter be referred to as "a device of the kind 
specified". 

More specifically the invention relates to ball-Q^e constant-velocity-ratio universal joints, 
of the kind which comprises: an outer joint member of hollow configuration, having a rotational 
axis and in its interior a plurality of tracks circumferentially spaced about said axis; an inner joint 
member disposed within the outer joint member and having a rotational axis, the inner joint 
member being provided on its exterior with a plurality of tracks circumferentially spaced about 
its rotational axis and which face the tracks in the outer jomt member m opposed pairs; a 
plurality of balls disposed one in each pair of facing tracks in the outer and inner joint members 
for torque transmission between the members; and a cage of annular configuration disposed 
between the joint members and having openings in which respective balls are received so that 
their centres lie in a common plane; the configuration of the tracks in the outer and inner joint 
members, and/or the internal and external surfaces of the cage, being such that when the joint 
is articulated the plane containing the centres of the balls (the bisector plane) is caused 
substantially to bisect the angle between the rotational axes of the joint members. 

Such a joint will hereinafter be referred to as "a joim of the kind specified". 

There are several types of joint of die kind specified, differing from one another, inter 
alia, in respect of die arrangemem and configuration of the tracks in the joint members and/or 
of the internal and external surfaces of the cage whereby the bisector plane is guided as aforesaid 
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thereby giving the joint constant-velocity-ratio operating characteristics. 

The invention is applicable to fixed, non-plunging joints and to ball-type plunging joints 
of the double-offset and cross-groove types 

More particularly the invention is concerned with the fonn of the ball tracks in devices and 

joints of the kind specified. 

In joints of the kind specified there are three main foms of ball track. The first form is a 
round track in which the track form is a circular arc when viewed in cross-section in a transverse 
plane perpendicular to the longitudinal plane of symmetry of the track and containing a Une which 
is normal to the vertex line of the track which Ues in the longitudinal plane of symmetry. The 
longitudinal plane of symmetiy is a plane extending along the length of the track so that the track 
is symmetrical about the plane. Such a transverse plane wUl hereinafter be referred to as "the 
transverse plane" The second and third track fomis are an elliptical track in which the track form 
is the arc of an ellipse centred about the end of its major axis, and a Gothic arch track in which 
the sides of the track are formed by circular arcs stnick about centres which are offset on opposite 
sides of the longitudinal plane of symmetiy of the track, in each case when viewed in the 
transverse plane. 

When a joint of the kind specified transmits torque, the balls make contact with the track 
at a position spaced from the root of the track at a contact angle which is the angle in the 
transverse plane between the longitudinal plane of symmetry of the track and a line containing the 
centre of the contact area between the ball and the track and the ball centre 

Hereinafter we use the term "numerical conformity" to define the track form and this value 
is the radius of the track cross section in the transverse plarie divided by the radius of the ball. 

in a joint of the kind specified with a round track having low numerical conformity, e.g. 
1 002. under torque the stress on the track as the ball moves to its contact angle is such that there 
is a low stress at the contact angle and a high stress at the track edge The pressure distribution 
is such that breakdown may occur at the track edge before breakdown occurs at the contact angle. 

With a Gothic arch track the numerical conformity chosen is usually high and thus the 
stress on the track surfece is high at the contact angle but the stress is distributed over a relatively 
small area and high stress at the track edge is avoided. Tliere is a similar stress distribution on an 
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elliptical track if, as is usual, it has a high numerical conformity. 

If the numerical conformity of a fouihI track is increased to e.g. 1 .02 then there is a better 
stress distribution as high stress at the track edge is substantially avoided assuming that the ball 
radial lash (as hereinafter defined ) in the joint is not excessive. However by increasing the 
numerical conformity of a round track there is an increase in rotational backlash as compared with 
a joint having an elliptical or Gothic arch track with a similar numerical conformity because, as 
described below, the contact angle with the latter shapes of track has a minimum value of about 
40". 

The object of the invention is to provide a device or joint of the kind specified with a track 
foim which both avoids high stress at the track edge and minimises the stress around the contact 
angle but which has an acceptable rotational backlash. 

According to the invention we provide a device or joint of the kind specified having a 
hybrid track form in the transverse plane with a lower numerical conformity at the root of the 
track and with the flanks of the track having a higher numerical conformity. 

More specifically the invention provides a joint of the kind specified in which in at least 
one of the inner and outer joint members the tracks have, in cross-section in the transverse plane, 
a root portion formed as a circular arc with a relatively lower numerical conformity and flank 
portions on either side of the root portion and extending to or tdwards the edges of the track and 
which have a relatively higher numerical coitformity. 

The track form in the other joint member may be of the hybrid form set out above or may 
be of any other compatible form. 

The advantages of the invention are that:- 

1 There is a good distribution of stress on the track surfaces, with the stress at the 
track edge being no greater than the stress at the contact angle. 

2. Having a lower numerical conformity in the root portion there is a reduction in 
rotational backlash, as compared with a joint having a round track with a higher 
numerical conformity, but an acceptable stress distribution 

3. The higher numerical conformity in the flanks of the track reduces the sensitivity 
of the comart angle to ball radial lash in the flank portions of the track and this 
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avoids high contact angles which would give high stresses at the track edges. Ball 
radial lash is defined as the pitch circle diameter (PCD) of the tracks in the outer 
joint member minus the PCD of the tracks in the inner joint member divided by 2. 
In general, the bigger the ball radial lash the bigger is the contact angle although 
the torque transmitted by the joint also affects the contact angle. 
The root portion of the track may subtend an angle of approximately 80« at the centre of 
the root radius, i.e. 40" on either side of the longitudinal plane of symmetry of the track. If this 
angle is decreased much below 80' then the rotational backlash is increased and if the angle is 
increased much abov^ 80» the stress on the track moves too close to the track edges causing there 
an undesirably high stress. The angle subtended by the root at the centre of the root radius should 

be between 70° and 90°. 

The root should preferably have a numerical conformity within the range of 1 to 1.02. A 
numerical conformity of I 002 would reduce the rotational backlash while a conformity of 1 .0 1 

may give optimum endurance. 

The flanks of the track may be fomied by circular arcs struck from centres offset fi-om the 
longitudinal plane of symmetry of the track and the higher numerical conformity of the flanks 
should be between 1.005 and 1.09 and preferably between 1.01 and 1.04. A particularly 
advantageous value is between I 02 and 1.03. 

The flank portions of the track could be formed by elliptical arcs and in this case the 
numerical confomuty will vary along the flank but the average value should be as set out above. 

With a joint having round tracks with low numerical conformity the contact angle is high 
even with very little ball radial lash. With the track form according to the invention the contact 
angle wiU mcrease to say 40«. i.e to the edge of the root portk>n of the track and will remain close 
to that value. 

Tims the invention enables » i^eptable stress distribution on the tracks to be .bt«ned 
.voiding unnecess^ily high suesses boU> at th. track edges and « the contact are. while also 
avoiding excessive rotational backlash in the joint. 

The invention will now be described in detail by way of example with reference to the 

accompanying drawings in which:- 
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Figure I is a cross-section through a fixed ball joint of the kind specified. 
Figure 2 shows at A, B and C the different fonns of track presently in use in joints of the 
kind specified. 

Figure 3 shows the stress distribution for a round track and a Gothic arch track as shown 
in Figure 2; and 

Figure 4 is a diagram illustrating the form of track embodying the invention. 

Referring first to Figure I. the joint there shown comprises an outer member 10. an inner 
member 1 1 and a cage 12 The outer member is formed with arcuate, inwardly facing tracks 13 
and the inner member is fomied with arcuate, outwardly facing tracks 14. The vertex lines of the 
tracks 13 and 14 are shown at 113 and 1 14 and in each case lies in the longitudinal plane of 
symmetry of the track . 

The tracks 13 and 14 in the members are aligned in pairs. In each pair of tracks is received 
a ball 1 5 and the balls are received in windows 16 in the cage which hold the centres of the balls 
in the bisector plane The cage has inner and outer generally spherical surfaces 1 7 and 1 8 which 
engage with lands between the tracks on the inner and outer members and guide the cage. In the 

unarticulated state of the joint the centres of the arcuate tracks 13. 14 are offset on opposite sides 
of the bisector plane of the joint which is indicated at 19. 

The arrangement of the track centres is such that during articulation of the joint the 
bisector plane containing the centres of the balls bisects the angle between the rotational axes of 
the outer and inner members I.e the axes about which they rotate when the joint is in its 
unarticulated state. 

A spllned shaft 20 is received in a bore in the inner joint member and the shaft and the 
outer member 1 0 are connected by a boot 2 1 which retains the grease in the joint. 

Figure 2 shows the forms of track which are presently in use. Figure 2A shows part of the 
jomt inner member II and the track 14a is formed by a circular arc in the transverse plane struck 
from a centre 22 on the longin^dinal plane of synm,etry 23 of the track The radius of the circular 
form 24 of the track 14a is indicated at 25 and is greater than the radius of the ball 26 The 
numerical conformity of the track is the ratio between the radii 25 and 26. 

It wUl be seen that in the position of rest the contact area between the ball and the track 
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U „ the cen^e of *e .00. of *e 3. indica^d « 27. The cemre of ,h. roo. lies on *e v.„ex 
U„ U4 « described above. When ,or<,ue is .ransmHted .he ball .noves .way <ro,n its central 
position and engages the t«=K on the flan, a, a contact angie which is the angle betw^ the 
Lgin-dina, p.,ne of^2^ and. a .ine containing the centre of the conuc area of the bail 

«ith the track and the centre of the ball. , „. . , r „ n,. 

Figure 2B shows part of ««er ™en*« 1 1 having a trade Mhof elhpt,cal fom. 29. The 

„aJor axis of the eUipse is.igned with the longitudinal planeof sy^n.. ^^T^. 

before ton,ue is applied the ball 3, ™.es contact with the track a. two areas 32 and » w«h a 

con.actanB.eofabout40'.Thev.rt..lineH4ofthe.rackisalsoind.cated 

Figure 2C shov« a Gothic arch track where *e .rack is fonned of two ccular arcs 34 and 

35 respecively which are s.™ck fron, respective ce..res 36 and 37 offse. fton, the longitud^ 
p,^ofsyn«.et,>.3Sof.het.c. Before tor,ue is applied theb^n^hastwo-area^^^^^ 

the track a. 40 and 4 1 wi* a contact angle of about 40-. The v«tex line is .nd.ca.ed « .14^ 

Figure 3 shows the stress dUtribution which occurs when a join, having a round track or 
. GO.HC arch track a. Shown in F,gu«s 2A and 2C respectively is transnitOng different «noun,s 

"'"'t F.gure 3 A the stress distrfbution for a ,»und track is shown by the lines 42. 43 and 44 
^hich Show the s^ess disu*uUon as an increasing amoun. of .or,ue U .r.nsn*.ed I. wlU be seen 
0. a. the highest .o«.uerepresented by .her.„e44,the stress hasapeak4S.dHcen. the edge 

46of.he.rackbecauseof.helownumedcalconfo,n,i.yof.het.ack. 

Fu-ure 3B b^cates d.e stress distribuUon for a OotHc arch track by the hnes 47. 4S and 
., ror U.creasi„gan.oun,sof.o.t^ctr.nsn..ted.rtw»l be seentha. the higher 
Highest torque is we., spaced .0™ the ^ge 5, of the track. This is also the case for the lower 

transmitted torques. . 
Figure 4 shows the trade fom. of the invenfion in the transverse plane. The ba« n. the ttack 
^ A- « ifi™. its centre 53 The root of the track between the pomts 
isindicat«ia.52a»Jhasarad«BRlfrom«scen.re53.. r, is greater 

54 and 55 is circular h. .he .ransverse pUne and has a radius R2 iron, the po.. 61. R2 .s gr«« 
LK.P^ferab,.her„n^c.con.b,rni.yof.her„o. of *euackis..002. That .sto say that 

the radius R2 is 1.002xRl. 
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The fhnlcs of .he .rack e««Hj ^ ,he poi„,s 54 55 ,o .he »^ edges 56 »d 57 The 
fla^ benveen .he point 55 and .he edge 57 is pan of a Gothic arch shape i„ the transverse plane 
^ . a Circular ar. of radius R3 struck fto. a point 58 on otte side of the longitudinal plane of 
^«)of.he ««k. Theflan. between the poin, 5. and the edge 56 isalso pan ofaGo.hio 

oTTh T T ' """" ' " O" «" 

Of ^ 60 and has a radius R4. and R4 are preferably e.^ but this is no, essential The 

70 and 90 The track vertex Une is indicated at 62. 

It will thus be seen that the root of the track is a circular arc of radius R2 having a low 
numencaJ confoimity 1 002 The flanks .k- . u 

arenart. f ^ u ' "^'^ '''"^^ "^^''^ ^^^^"^ »>«»-«en the points 54 and 55 and the edges 
are pa^s of a Gcnh^c arch and are also arcuat. and have a greater nu^erica. co« which 
may for example be 1.030. 

I. is no. necessao- .hat the flank portions of the track be circular arcs as descHbed in 

54 and 55 w..h the root arc. In this case the nuoKrica. confonnity would va,, along the eBipse 
but the average value should be as described above. SfeeHpse 
The advantages of this Uack de«g„ ,re as s« out above. Thus the low numerical 

con,p.r«l wtth a round track having a higher numerical co„fo,™,y. 

Kigh str^^r ~ ""^^ '-k edges fro. 

""-"rrniizri::: " - 

-.Her^e.nhern.yheoryrZ::::."""'"^"—^'^-'"'"'^^''"""' 
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. in relation to a fixed ball joint of the Rzeppa type. 

However the track form may aiso oc . . 

- u- »,tv,*.niiter member has straight tracks. 

The — " 72 "l!LT„ ba..s roU along .raCs in .wo co-oper«.n. 
uansn-ming device of .he ^ 
™„bers and are used .o uansm,. tor,u. from one n«™b ^ ^ 



diverse forms thereof. 
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A joint of the kind specified having a hybrid track form in the transverse plane as 
hereinbefore defined with a lower numerical conformity at the root portion of the track 
and with the flank portions of the track having a higher numerical conformity. 

A joint of the kind specified in which in at least one of the inner and outer joint members 
the tracks have, in cross-section in the transverse plane as hereinbefore defined, a root 
portion formed as a circular arc with a relatively lower numerical conformity and flank 
portions on either side of the root portion and extending to or towards the edges of the 
tracks and which have a relatively higher numerical conformity. 

A joint according to Claim 2 wherein the track form in the other joint member is of the 
form claimed in Claim 2 or is of any other compatible form. 

A joint according to Claim 2 or Claim 3 wherein the angle subtended by the track root 
portion at the centre of the radius of the root portion arc is between 70" and 90". 

A joint according to Claims 4 wherein the root portion of the track subtends an angle of 
approximately 80" at the centre of the radius of the root portion, preferably 40° on either 
side of the longitudinal plane of symmetry of the track (as hereinbefore defined). 

A joint according to any of Claims 2 to 5 wherein the track root portion has a numerical 
conformity within the range of 1 to 1 .02. 

A joint according to any of Claims 2 to 6 wherein the flanks of the track are formed by 
circular arcs struck from centres offset from the longitudinal plane of symmetry of the 
track and the higher numerical conformity of the flanks is between 1.005 and 1.09. 
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A joint according to Claim 7 wherein the numerical conformity of the flanks is between 
1.02 and 1.03. 

A joint according to any of Claims 2 to 6 wherein the flank portions of the track are 
formed by elliptical arcs and in which the average numerical conformity of the flank 
portions is between 1.005 and 1.09. 

A joint of the kind specified substantially as hereinbefore described with reference to 
Figures 1 and 4 of the accompanying drawiiigs. 

A device of the kind specified having a hybrid track form in the transverse plane as 
hereinbefore defined with a lower numerical conformity at the root portion of the track 
and with the flank portions of the track having a higher numerical conformity. 

A device according to Claim 1 1 wherein the angle subtended by the track root portion at 
the centre of the radius of the root portion arc is between 70- and 90". 

A device according to Claims 1 2 wherein the root portion of the track subtends an angle 
of approximately 80' at the centre of the radius of the root portion, preferably 40' on 
either side of the longitudinal plane of symmetry of the track (as hereinbefore defined). 

A device according to any of Cl^ms 11 to 13 wherein the track root portion has a 
numerical conformity within the range of 1 to 1.02. 

Adevice according to any of Claims 11 to 14 wherein the flanks of the track are formed 
by circular arcs stmck from centres offset from the longitudinal plane of symmetry of the 
track and the higher numerical conformity of the flanks is between 1.005 and 1.09. 



A device ai 



ccording to Claim 1 5 wherein the numerical conformity of the flanks is between 
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18. 



are 



17. A device according to any of Claims 11 to 15 wherein the flank portions of the track 

formed by elliptical arcs and in which the average numerical conformity of the flank 
ponions is between 1.005 and 1.09. 



A device according to any of Claims 1 1 to 1 7 in the fonn of a ball spline with the tracks 
forming the splines. 



19. A device of the kind specified substantially as hereinbefore described with reference to 
Figure 4 of the accompanying drawings. 
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Amendments to the claims have been filed as foBows 

I A joint of the kind specified in which in at least one of the inner and outer joint members 
the tracks have, in cross-section in the transverse plane as hereinbefore defined, a root 
portion formed as a circular arc with a numerical conformity within the range of 1 to 1 .02 
and flank portions on either side of the root portion and extending to or towaids the edges 
of the tracks and which have a numerical conformity between 1 005 and 1 .09, the root 
portion having a lower numerical conformity than the flank portions, the angle subtended 
by the track root portion at the centre of the radius of the root portion arc being between 
20* and 100". 

2. A joint according to Claim 1 wherein the track form in the other joint member is of the 
fonn claimed in Claim 1 or is of any other compatible form. 

3 A jo-mt according to Claims 4 wherein the root portion of the track subtends an angle of 
approximately 80- at the centre of the radius of the root portion, preferably 40" on either 
side of the lon^tudinal plane of symmetry of the track (as hereinbefore defined). 

4 A joint according to any preceding claim wherein the flank portions are formed by circular 
arcs struck from centres offset fi-om the longitudinal plane of symmetry of the track 

5. A joint according to any precedmg claim wherein the numerical confonnity of the flank 
portions is between 1 ,02 and 1 .03 . 

6 A joint according to any of Claims 1 to 3 wherein the flank portions of the track are 
formed by eUiptical arcs and in which the average numerical confonnity of the flank 
portions is between 1 .005 and 1 .09. . \^ 

7. A joint of the kind specified substantially as hereinbefore described with reference to 
Figures 1 and 4 of the accompanying drawings. 

Brpat!^\Trackcl 
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